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Overview of Melting Equipment in the LANL Sigma Foundry 
 

Robert M. Aikin Jr. 
Foundry Team Leader  

Materials Science and Technology: Metallurgy (MST-6) 
 
 
1. Introduction 
 
This document describes the furnaces and melting equipment in the Foundry located in 
the Sigma Building (TA 3 Building 66) at Los Alamos National Laboratory.  
 
1.1 Sigma Complex 
 
The Sigma Complex at Los Alamos National Laboratory totals more than 200,000 square 
feet of laboratory space, comprising three large facilities and several smaller ones. The 
complex, built in the 1950s and 1960s, houses extensive laboratory areas for materials 
synthesis and processing, characterization, and fabrication. Approximately 175 people 
work at the complex, including technical staff, technicians, administrative staff, and 
building support personnel.  
 
The original and enduring mission of the Sigma Complex focuses on prototype 
fabrication and materials research for the nuclear weapons program. Over the years, 
however, this mission has expanded to include threat reduction and homeland security 
activities. Today, the Sigma Complex supports a large, multidisciplinary materials 
technology base. Research and development activities include a synergistic blend of 
metallurgy and ceramics focused on the integration of synthesis and processing, 
characterization, and fabrication combined with fundamental computer modeling and 
process simulation. 
 
These extensive capabilities reflect significant investments in metal casting; 
thermomechanical processing (rolling, forming, forging); electrochemistry (including 
electroplattnig); powder processing; sol gel synthesis and colloidal processing; laser and 
microwave processing; welding; process modeling; machining; and microstructural, 
mechanical, and thermophysical properties characterization. 
 
The Sigma Complex is unique at the Laboratory - and perhaps within the United States - 
because this capability provides a highly integrated approach where materials can be 
processed on a large scale from the raw state to a final product. In this facility ceramists 
and metallurgists work with engineers and physicists to solve mutual problems and to 
extend understanding of materials processes and applications. 
 
Highly qualified personnel and capability investments have maintained state-of-the art 
technology to create a responsive infrastructure that can quickly respond to customersÕ 
needs. The facility is ideally suited for rapid turnaround of small lot production and 
prototype development. Several collaborations between Los Alamos and other 
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Department of Energy (DOE) complex sites utilize SigmaÕs unique capabilities to solve 
design and production issues across the nuclear weapons programs. Our unique 
machining capabilities are routinely used by customers throughout the Laboratory and the 
DOE complex. The expertise within Sigma is regularly used to evaluate materials issues 
for providing input to re-use/remanufacture decisions and to develop alternative materials 
and processing methods for the nuclear weapons programs. 
 
1.2 Sigma Foundry 
 
The Sigma Foundry does a variety of types of castings: casting and processing research 
and development, fabrication of specialized parts for experiments, and limited 
production. A wide range of alloys are cast including depleted uranium (DU).  
 
In Table 1 the major pieces of melting equipment in the Foundry is listed. In subsequent 
sections of this document the melt equipment and furnaces most commonly used will be 
discussed in greater detail. Not all of the equipment mentioned above will be discussed.  
 
The Foundry is supported by a CNC machine shop that machines the graphite crucibles 
and molds used for casting as well as the other fabrication and characterization 
capabilities within Sigma.  
 
The close coupling of processing capabilities, ability to do highly instrumented castings, 
process modeling, and highly experienced personnel provides the Foundry with the 
ability to produce a wide variety of types of quality castings in an efficient manner.  
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Table 1. Equipment and capabilities in the Sigma Foundry 

 
 
    Vacuum Induction Melting (VIM) - 
 8 - bottom-drop bottom-pour single coil vacuum induction furnaces 
  10 kg to 2500 kg capacity 
 1 - bottom pour three coil vacuum induction melting furnace  
  100 kg capacity, vacuum or inert gas up to 70 kPa overpressure 
 1 - glove-box VIM  
 1 - tilt pour vacuum induction furnace, 50 kg capacity 
 
    Air Melt Induction -  
 250 kg tilt-pour (primarily for lead) 
 
    Vacuum Arc Remelt Furnace (VAR) - 
 Up to 21.6 cm diameter x 60 cm long 
 
    Non-consumable Arc Melter (Button Melter) - 
 Inert gas up to 10 psi overpressure 
 Various sizes and shapes up to 10 cm x 10 cm x 2 cm 
 
    Plasma Arc Melter (PAM) - 
 Mixed gas (Ar, He, H2) up to 35 kPa 
 7.6 or 10 cm in diameter x 30 cm long 
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2. Vacuum Arc Remelt Furnaces (VAR) 
 
The vacuum induction melting (VIM) furnaces are named by letter. Furnaces C, C1, D, 
E, and F are located sequentially along the side of one room, while furnaces K, X, and X1 
are located sequentially along the side of another room.  
 
In the operation of these induction furnaces, 480 V / 60 Hz three-phase power is rectified 
and then inverted into 1 to 9.8 kHz electric signal by the induction power supply. This 
AC power is then routed to the coil within the furnace by power leads and vacuum 
feedthroughs. The alternating current generates an alternating magnetic field, that then 
induces a current within the conductive crucible or metal within the coil. In turn, this 
induced current heats the crucible or metal. The process is quite efficient and results in 
rapid heating of the crucible or metal. The power leads and coils are water cooled to 
avoid overheating.  
 
The VIM furnaces were installed when the Sigma building was built in the late 1950s. 
The original motor-generators were replaced with modern solid-state induction power 
supplies in the mid 1990s. The vacuum pumps have been routinely upgraded with newer 
mechanical pumps as the old ones wore out.  
 
2.1 K Furnace: Three-Coil Vacuum Induction Furnace  
 
K furnace is the most commonly used furnace in the Foundry. With its combination of 
large diameter vacuum chamber and reconfigurable multi coil design it is well suited for 
research and "one off" type castings. This furnace is used extensively for both uranium 
and non-uranium castings including: aluminum, bismuth, copper, gold, lead, silver, tin, 
and others. The furnace has also been used to mock-up plutonium casings by conducting 
mold heat-up experiments and perform surrogate castings using molds, casting 
parameters, and mold heating coils identical to those used in the Pu Foundry at TA-55.  
 
The furnace has three separately controlled induction coils that are powered by two 
separate power supplies. The 34 cm ID by 32 cm long melting crucible coil is powered 
by an Inductotherm Power-Trak 35-96 power supply (35 kW at 9.6 kHz).  
 
The mold is heated by two mold heating coils powered by an Inductotherm Power-Trak 
Tri-switch 50-30R power supply (50 kW at 3 kHz). The two mold heating zones can be 
configured to use a combination of any two of the following six coils: 27 cm ID by 16 cm 
(2), 36 cm ID by 16 cm (2), 46 cm ID by 16 cm coil or a uncooled copper coil identical to 
those used for plutonium casting at TA-55.  
 
The furnace has a nominal capacity of 60 kg. It can be run either under vacuum or with 
an inert gas atmosphere of up to 22 kPa overpressure. Vacuum is supplied by a Stokes 
model 412 belt drive rotary piston pump. This pump is rated at 8500 liters/min (300 cfm), 
with an ultimate pressure 10 millitorr. It is powered by a 10 HP 480V motor and is 
located in the basement below the furnace. 



5 

In Fig. 1 a cross-section of K furnace is shown. The vacuum chamber is a double-wall 
steel design with cooling water flowing between the inner and outer walls. The vacuum 
chamber has three main sections: furnace lid, furnace body (attached to supports on the 
mezzanine level), and the furnace bottom which rides on a hydraulic ram that lowers it to 
the main floor. The furnace bottom's hydraulic ram penetrates though the floor with the 
cylinder bottom and pumps located in the basement. Once lowered the vacuum chamber 
bottom rests on a set of rails allowing it to be pushed out from under the mezzanine so 
that the mold stack can be accessed by a crane or forklift.  
 
The bottom pour crucible is supported on a shelf above the mold is shown at the top of 
Fig. 1. The stopper rod is held in place, and removed at pour time, by a hand turned screw 
and leaver mechanism. The top of the furnace is shown with the lid off in Fig. 2(a).  
 
As shown in Fig. 2(b) the bottom portion of the furnace can be lowered to allow the mold 
and induction heating coils to be placed and configured. The reconfigurable coil 
arrangement of K furnace is shown in Fig. 3. Figure 3(a) shows the mold stack and coils 
prior to installation of insulation. The coils are stacked in the desired location using 
firebrick as supports. Multiple layers of mica and graphite felt insulation are placed 
between the mold and coil (and on the top) to insulate the mold as shown in Fig. 3(b).  
 
Once the mold and coils are set, the bottom portion of the furnace is lifted into place with 
a hydraulic ram. The furnace lid is then placed on top with a jib crane and the furnace can 
be evacuated. In Fig. 4 the furnace is shown closed and ready for casting.  
 
Depending on the alloy and purpose of the casting, the furnace is pumped down for 15 
minutes or longer to reach the necessary vacuum for casting. For research type castings, 
the furnace is typically pumped down overnight to allow for much of absorbed moisture 
to be extracted. The furnace power level controls (located on the mezzanine level) are 
then adjusted by hand to obtain the desired casting parameters appropriate for the alloy 
and mold design.  
 
The molten metal in the crucible can be observed though a sight port in the furnace lid. 
Typically this view port is used in conjunction with an optical pyrometer to measure the 
temperature of the metal in the crucible. Pouring temperatures of up to 1600¡C are 
routinely used, though 1300¡C is typical for DU.  
 
Typical mold temperatures for DU are 1200¡C at the mold top and 800¡C at the bottom at 
pour time. These temperatures are controlled by the mold design, coil positions, and 
power-versus-time settings of the induction coils. The thermal gradient in the mold 
allows for directional solidification from bottom to top to produce a sound casting.  
 
The furnace is currently configured with 32 thermocouple and 32 voltage feedthroughs. 
This allows the furnace to be used for heavily instrumented castings and casting 
experiments. Figure 5 shows examples of data taken from heavily instrumented castings. 
This data is used to better understand the casting process and provides data for validation 
of process simulations of the casting process.  
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Figure 1. Cross sectional view of three-zone K furnace.  
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(a) 

 
(b) 

 
 

Figure 2. Three zone vacuum induction furnace K furnace. (a) View from mezzanine 
level with furnace lid removed showing crucible induction coil and stopper rod support. 
(b) View from main floor of furnace bottom in lowered position. 
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(a) 

 
(b) 

 
 
Figure 3. Mold stack and coils in K furnace; (a) prior to installation of insulation and (b) 
with mica and graphite felt insulation installed.  
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Figure 4. Three zone vacuum induction furnace K furnace in closed positions. 
 



10 

 

 
 

Figure 5. Heavily instrumented casting experiments are done to better understand the 
behavior of the castings produced, the castings processing and to provide data for 
processing modeling verification. Shown in this figure are results from several types of 
instrumentation used in the casting of a small uranium casting.  
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2.2 C and C1 Furnaces: Medium Sized Single-Coil Vacuum Induction Furnaces  
 
C and C1 furnaces are medium size single coil furnaces with a nominal maximum 
capacity of 150 kg. C and C1 are identical and run off of the same power supply and 
vacuum pumping system. They are used for uranium castings, part declassification melts, 
and graphite mold pre-firing. C furnace has a coil and power supply that is similar in size 
to the furnaces used at Y-12 for enriched uranium (EU) casting. LANL has used this 
furnace to mock-up EU casings by conducting instrumented mold heat up experiments 
and perform surrogate castings using molds and casting parameters identical to those 
used at Y-12. The major difference between the two furnaces is that Y-12 uses a 
knockout plug to seal the crucible while LANL uses a stopper rod.  
 
The furnaces' single induction coil is 46 cm ID by 91 cm long. The coil is powered by an 
Inductotherm Power-Trak 100-30 power supply (100 kW at 3 kHz). The furnace can be 
run in vacuum or in air. Since C and C1 share the same induction power supply, this 
configuration only allows one furnace to be under power at a time. 
 
Because only a single induction coil is present, that single coil must used for both heating 
the crucible to the desired metal pouring temperature, and for preheating the mold to the 
proper thermal gradient at pour time. The combination of mold design, mold position 
within the coil, and power-versus-time is used to get the desired range in mold stack 
temperatures. A single coil provides far less flexibility that is afforded by the multi-coil 
design of K furnace. 
 
In Fig. 6 a cross-section of C furnace is shown. A bottom pour crucible with 
mechanically held stopper rod is used, similar to K furnace. Different from K furnace is 
that the crucible and mold are a single stack which is supported by the furnace bottom. 
Lowering the bottom portion of the furnace with a hydraulic ram and removing the top 
lid with a jib crane allows access to the furnace. Once lowered the vacuum chamber 
bottom rests on a set of rails allowing it to be pushed out from under the mezzanine so 
that the mold stack can be accessed by a crane or fork lift. Generally the mold stack is 
placed on the mold bottom, raised into place, and then the stopper rod is placed though 
the top lid. 
 
As can be seen in Fig. 7, the top and bottom sections of the furnace are double-walled 
water-cooled steel, while the center section is uncooled micarta (a phenolic resin polymer 
composite). Micarta was used in this furnace design since it does not couple with the 
magnetic field of the induction coil; this allows the diameter of the furnace to be 
minimized thereby minimizing the volume that needs to be evacuated. This small volume 
design is common in furnaces designed in the late 1950's when induction power supplies 
and vacuum pumps where typically just barely adequate for the application.  
 
In this furnace a high alumina content fire brick and cast high alumina refractory are used 
as insulation between the coil and mold. Unlike in K furnace, the insulation is 
permanently installed.  
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Figure 6. Cross sectional view of the medium sized single zone C and C1 furnaces.  
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Figure 7. Top portion of C furnace as seen from the mezzanine level. The non-conductive 
micarta furnace wall has a reddish-brown color.  
 
 

 
 
Figure 8. View though sight glass during melting showing the stopper rod, crucible lid, 
furnace insulating walls, and light leaking out around lid from white-hot crucible. The 
hole in the crucible lid (next to the stopper rod) is a sight hole though which the melt 
temperature can be monitored with an optical pyrometer.  
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Figure 8 shows a view though the lid's sight glass during melting. Visible are the stopper 
rod, crucible lid, furnace insulating walls, and light leaking out around lid from white-hot 
crucible. The hole in the crucible lid next to the stopper is the sight hole though which the 
melt temperature can be monitored with an optical pyrometer. 
 
The vacuum system on C and C1, consist of a direct drive Stokes roots blower (vacuum 
booster) located on the main floor backed by a Stokes 412 rotary piston pump in the 
basement. The furnaces are currently configured with 12 thermocouple feedthroughs. 
 
2.3 E and F Furnaces: Large Single-Coil Vacuum Induction Furnaces 
 
The medium and large single coil furnaces are named E and F furnaces. These furnaces 
are used for uranium castings, part declassification melts, and graphite mold pre-firing.  
 
The two furnaces are powered by a single Inductotherm Power-Trak 250-10 power 
supply (250 kW at 1 kHz). This configuration only allows one furnace to be under power 
at a time. The furnaces also share a common pump manifold that is connected to as set of 
Stokes 412 rotary piston pumps located in the basement below the furnaces.  
 
E furnace has a nominal maximum capacity of 1500 kg with a coil size of 92 cm ID and 
length of 135 cm. The between the coil and mold is high alumina firebrick insulation that 
is cemented in place. The inner diameter of the firebrick is 81 cm. 
 
E furnace is nearly identical in coil size and power supply to the 9N VIM furnace used 
for DU castings at Y-12. LANL has used E furnace to develop casing parameters and to 
test mold designs for castings intended to be produced in the 9N furnace. The major 
difference between the two furnaces is that Y-12 furnace uses a knockout plug to seal the 
crucible, while LANL furnace uses a stopper rod.  
 
F furnace has a nominal maximum capacity of 2500 kg with a coil size of 109 cm ID and 
length of 130 cm. Again firebrick insulation is used. The inner diameter of the firebrick is 
98 cm.  
 
In Figure 9 a cross-section of E furnace is shown. F furnace is similar but with a larger 
diameter and length. These furnaces are similar to C furnace but much larger. Figure 10 
shows both furnaces viewed from the main floor. The furnace lids on the mezzanine level 
are obscured by down draft ventilation stations used to store the furnace and crucible lids 
when not in use (the silver boxes near the railing of the mezzanine).  
 
As with C furnace, lowering the bottom portion of the furnace with a hydraulic ram and 
removing the top lid with a jib crane allows access to the furnace. Once lowered the 
vacuum chamber bottom rests on a set of rails allowing it to be pushed out from under the 
mezzanine so that the mold can be accessed by a crane or fork lift. Generally the mold 
stack is placed on the mold bottom, raised into place, and then the stopper rod is placed 
though the top lid. 
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Figure 9. Cross sectional view of medium size single-zone E furnace.  
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Figure 10. Floor level view of E and F furnaces. E furnace is on the left and F is on the 
right. Both furnaces run off a common power supply and vacuum pumps.  
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3. Arc Melting 
 
3.1 Vacuum Arc Remelter (VAR) 
 
Vacuum arc remelting (VAR) is a process used widely throughout the specialty metals 
industry for the production of high quality ingots of reactive metal alloys including 
nickel-base superalloys, titanium alloys, zirconium alloys, and uranium alloys. In the 
VAR process, a cylindrically shaped, alloy electrode is loaded into a water-cooled, 
copper crucible of a VAR furnace. The furnace is evacuated and a DC electrical arc is 
struck between the electrode (cathode) and some start material (e.g. metal chips) at the 
bottom of the crucible (anode). The arc heats both the start material and the electrode tip, 
eventually melting both. As the electrode tip melts away, molten metal drips off and an 
ingot forms in the copper crucible. Because the crucible diameter is larger than the 
electrode diameter, the electrode must be translated downward toward the ingot pool to 
keep the mean distance between the electrode tip and pool surface constant.  
 
The VAR in the Sigma Foundry is configured for melting reactive metals with remote 
operators console (the furnace is in one room while the control console is in adjacent 
room). It was designed and built by Retech and was installed in 1983. It was upgraded 
with a new custom controller from Precision Machine Controls (PMC) in 2003. The unit 
has a 65 VDC/10 kA power supply with typical melting conditions at 25 V and 4 kA. 
Unit has a variety of crucible sizes allowing ingots to be produced with length of up to 60 
cm and diameters of either 6, 9,13, 15, 16, or 22 cm. Uranium ingots of up to 350 kg can 
be melted. The VAR has auxiliary magnetic coils for metal stirring of up to 90 Gauss. 
The furnace and controller are shown in Figure 11.  
 
The furnace is highly instrumented including load cell and video recording; instrumented 
crucibles (temperature and current partitioning). The furnace can be controlled either by a 
voltage controller or by a Sandia National Laboratory/Specialty Metals Processing 
Consortium (SMPC) developed melt rate controller. LANL continues to work with the 
(SMPC) to develop new control strategies.  
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(a) 

 
(b) 

 
 
Figure 11. Vacuum arc remelter (VAR) (a) furnace and (b) control station.  
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3.2 Non-Consumable Electrode Arc Melter (Button Melter). 
 
For arc melting of small samples the Sigma Foundry has a non-consumable electrode arc 
melter. This equipment is used for the production of small samples and for initial alloying 
of alloys with widely varying melting points. The Alloy Development Team within MST-
6 uses a second, nearly identical unit, for melting beryllium alloys.  
 
In this form of arc melting, the material to be melted is placed in a cavity in a water-
cooled copper hearth within a water-cooled vacuum chamber. Generally the chamber is 
evacuated and backfilled with a partial pressure of either argon or a mix of argon and 
helium gas. A DC arc is then struck between a tungsten electrode and the material to be 
melted. The operator observes the arc and melting process though a view port, with 
protection for the intense light of the arc, and changes the position of the electrode 
accordingly. The electrode position is manipulated by hand and with a hydraulic ram (for 
moving the electrode in and out) using mechanical a feedthough into the chamber. The 
unit has a 1000 A / 65 VDC power supply.  
 
Often the samples are melted, allowed to cool, flipped over and then remelted to get 
better homogeneity within the final sample. There are two mechanical feedthroughs, one 
on each side of the chamber, that allow the sample to be flipped and manipulated. The 
hearth can rotated so that several samples, in several different cavities, can be melted 
without breaking the furnace seal. 
 
The camber can be backfilled with gas up to 22 kPa overpressure. Various copper hearths 
are available with melting pockets of various sizes and shapes up to 10 by 10 by 2 cm. To 
reduce potential contamination different hearths are used for uranium and other non-
radioactive metals.  
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Figure 12. Non-consumable electrode arc melter (button melter).  
 


